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(71) I, Christopher Ian Arthur 
Ellis, a British Subject, of 30, Hill Road, 
Claughton, Birkenhead, Cheshire, do hereby 
declare the invention, for which I pray that 

5 a patent may be granted to me, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 
This invention concerns fluid level detecting 

10 and indicating apparatus and particularly con- 
cerns a level detecting and indicating device 
which does not require to be in direct elec- 
trical contact with the fluid. 
The invention also concerns a level detect- 

15 ing device which additionally detects and 
indicates an interface between two dissimilar 
fluids. 

One known form of level detecting device 
comprises a pair of vertically displaced elec- 

2u trodes mounted in the fluid container. How- 
ever, such a device can only be used with a 
fluid which can conduct electricity, since the 
change in electrical resistance which occurs 
when the electrodes become immersed in such 

25 a fluid, is used to indicate when the fluid 
level reaches the upper electrode. Further- 
more such an arrangement cannot be used 
in applications where electrolytic decomposi- 
tion of the fluid must be avoided or where 

30 there is any possibility of fire hazard. 

An alternative, also known level indicator 
has been designed for use with the sight tube, 
characteristic of many types of fluid container. 
In this alternative indicator a pencil beam 

35 of light is directed so as to pass through 
the sight tube and impinge on a light sensi- 
tive device such as a photo-electric cell. The 
variation in light transmitted through the sight 
tube and resulting change in output of the 

40 light sensitive device when the sight tube is 
full or empty of fluid can be used to indicate 
when the fluid level exceeds or falls below 
the level determined bv the sight tube. How- 
ever, this alternative device suffers from the 

45 disadvantage that any discolouration of the 
fluid or wall of the sight tube will greatly 
effect the light transmission through the sight 



tube. Hence ageing and dirt can effect the 
output from the light sensitive device and 
give false readings. Furthermore, this alter- 50 
native type of device cannot be used for clear 
liquids such as water. 

Neither of the above mentioned level in- 
dicating devices can detect an interface be- 
tween two dissimilar fluids and it is there- 55 
fore, an object of the present invention to 
provide a level indicating device which does 
not suffer from the disadvantages of these 
two known types, and which additionally de- 
tects and indicates the presence of an inter- 60 
face between two dissimilar fluids. 

According to the present invention a level 
detector and indicator for indicating when a 
fluid level or interface reaches a predeter- 
mined region in a container comprises elec- 65 
trie signal amplifying circuit means having 
an input and an output, a feed back loop 
between said output and input to enable oscil- 
lation to be maintained in tie circuit, a 
bridge circuit in the feed back loop which 70 
prevents feed back when balanced, a capadtive 
element in each of two of the bridge 
arms, of which one capacitive element 
is formed by a first pair of electrodes 
whose capacitance value varies as the fluid 75 
or interface level varies in the container and 
the other capacitive element is formed by a 
second pair of electrodes whose capacitance 
also varies as the fluid or interface level 
varies in the container, the two pairs of elec- 80 
trodes being vertically separated and adjusted 
so that the bridge is balanced when the 
fluid or interface level lies above the upper 
electrode pair or below the lower electrode 
pair but is unbalanced, thereby allowing 85 
oscillation, when the level registers with either 
of the electrode pair or therebetween, and 
further circuit means to produce an output 
signal indicative of oscillation of the circuit. 
. Convenientlv the electrodes may be oosi- 90 
turned around a sight tube mounted on 
the container. Alternativelv they may be 
mounted on the inside wall of tie container 
so that when the fluid reaches and exceeds 
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the predetermined region, the two electrodes 
are totally immersed in the fluid. In this 
latter arrangement at least one of the elec- 
trodes would require to be coated by an 
5 impervious insulating material which has no 
chemical reaction with the fluid within the 
container. 

In an arrangement embodying the in- 
vention, the bridge will therefore be bal- 

10 anced if the fluid level is below the lower 
electrode pair. If however, the fluid level rises 
so that fluid is present between the lower 
two electrodes while air is present between 
the upper two electrodes the two capacitors 

15 will have a different value of capacitance 
and the bridge will not be balanced and 
oscillation will therefore occur. If the fluid 
level continues to rise so that fluid exists be- 
tween both the lower pair and upper pair 

20 of electrodes and the two capacitors then 
have the same capacitance, the bridge will 
be balanced thereby preventing oscillation. 

Similarly, if an interface between two dis- 
similar fluids (the two fluids not being miscible 

25 and having different dielectric strengths) lies 
vertically between the upper pair of electrodes 
and lower pair of electrodes, the capacitance of 
the upper pair of electrodes will be different 
from that of the lower pair of electrodes. 

30 The bridge will thereby be unbalanced and 
oscillation will be maintained. However, 
should the interface rise (or fall) so that 
the space between the two pairs of electrodes 
is occupied by the same fluid, the two capa- 

35 citors will have the same capacitance and the 
bridge will be balanced, thereby preventing 
oscillation. 

In a bridge circuit in which the two 
capacitive elements have a common junction 

40 one of the electrodes from each pair will 
be at the same potential and in accordance 
with a preferred embodiment of this inven- 
tion the electrode assembly can be formed 
by three electrodes, one large common elec- 

45 trode and two smaller electrodes separated 
from each other and from the common elec- 
trode. Furthermore, in such an arrangement 
where the fluid container is a metallic tank 
or a vessel of electrically conductive material, 

50 the third electrode can be dispensed with 
and the two sensing electrodes mounted sym- 
metrically relative to the inside surface of 
the container wall, both said electrodes being 
electrically insulated from the container and 

55 from each other. The conductive container 
then forms the third common electrode and 
the capacitance of the two capacitive ele- 
ments thereby formed is the capacitance be- 
tween each electrode and the container. In 

60 certain cases this is of great advantage since 
larger values of capacitance for the two sepa- 
rate capacitive elements may thereby be ob- 
tained. 

Balancing capacitors of adjustable capacit- 
65 ance may be connected in parallel with the 



electrode pair to compensate for any differ- 
ences in capacitance therebetween. 

The invention will be described further by 
way of example with reference to the draw- 
ing accompanying the Provisional Specifica- 
tion in which: — . 

Fig. 1 is a circuit diagram illustrating tne 
principal of operation of a level and interface 
detector constructed in accordance with the 
invention, 

Fig. 2 is a circuit diagram of one embodi- 
ment of the present invention, 

Fig. 3 illustrates diagrammatically the elec- 
trode assembly for a probe for use in the 
device of Fig. 2, mounted on a sight tube. 

Fig. 4 illustrates a similar probe in which 
the level of fluid in the sight tube (and 
therefore the container) is in a position such 
that a differential capacitance exists between 
the various electrodes, and 

Fig. 5 illustrates a similar electrode assem- 
bly in which an interface between two dis- 
similar (and non-miscible) fluids occupies a 
similar position to the level of the fluid in 
the tube of Fig. 4, thereby also producing 
a differential capacitance between the various 
electrodes. 

Fig. 1 of the drawings illustrates a theo- 
retical circuit comprising a high gain ampli- 
fier A the output of which is applied to the 
input of a frequency determining network 
and phase splitting device B. The phase split- 
ting stage supplies two outputs which are 
symmetrical about a constant reference poten-. 
tial such as earth and these two outputs are 
fed back to the input of the amplifier A by 
means of two capacitive elements CI and C2. 
The two outputs from the phase splitting 
device B and the two capacitive elements CI 
and C2 together form a bridge circuit. 

It will be appreciated that if the capacit- 
ance of CI is the same as the capacitance of 
C2, the two feedback signals (which are phase 
inverted with respect to one another) cancel 
out at the input of the amplifier and no net 
feedback signal appears at the input to the 
amplifier A If however, the capacitance of 
CI varies relative to the capacitance of 
C2 so that a net positive feedback signal 
appears at the input to the amplifier A, 
oscillation will occur at a frequency deter- 
mined by a frequency determining network 
in the circuit B. Although the circuit dia- 
gram of Fig. 1 serves to illustrate the theo- 
retical basis on which a device according to 
the present invention is constructed, a level 
indicator constructed strictly in accordance 
with Fig. 1 would suffer from many disadvan- 
tages. Accordingly, the practical circuit for a 
device embodying the invention, is shown in 
Fig. 2 of the drawing in which it will be 
seen that the output from a high gain ampli- 
fier A is applied to the centre tap of a coil 
having an inductance L which is connected 
in parallel with a capacitor C. These two 
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components constitute a parallel resonant cir- 
cuit and the coil L forms the primary of a 
transformer the secondary of which is mag- 
netically coupled to the coil L and comprises 

5 a winding having an inductance Lc. This 
secondary winding Lc is connected in the 
input circuit of the amplifier A. The ends of 
die coil L are additionally connected via two 
capacitive elements CI and C2 respectively 

10 to earth. Since the amplifier output is sup- 
plied between the centre tape of the coil L 
and earth the output signal currents from 
the amplifier A flow in opposite directions 
through the coil L and through the two capa- 

15 citive elements CI and C2 to earth. If the 
capacitance (and therefore reactance) of CI 
and C2 are equal, the oppositely directed sig- 
nal currents in the coil L are equal in magni- 
tude and cancel each other out, thereby pro- 

20 ducing a zero net magnetic field. In conse- 
quence, no EMF is induced in the coupling 
winding Lc and no feedback signal is applied 
to the input of the amplifier A. 
If the capacitance of one of the capacitive 

25 elements CI, C2 varies, so that a positive 
feedback signal is induced in the coupling 
coil Lc of the transformer L/Lc a positive 
feed back signal is applied to the input of 
the amplifier A and oscillation will be main- 

30 tained at a frequency determined by the re- 
sonant frequency of the parallel tuned circuit 
LC. 

In order to indicate when the circuit is 
oscillating and when the circuit is not osdl- 

35 lating an output signal is derived from the 
output of the amplifier of Fig. 2. After detect- 
ing and amplifying this signal a DC signal 
is obtained having one level corresponding to 
oscillation and another to non-oscillation of 

40 the circuit This DC signal can be used to 
operate an indicator such as a bell or visual 
alarm when the circuit changes from a state 
of non-oscillation to a state of oscillation. 
The practical circuit of Fig. 2 is consider- 

45 ably superior to the theoretical circuit of Fi*. 
1 since one side of the capacitive elements CI 
and C2 is connected to earth whereas in the 
theoretical circuit, the common junction of the 
two capacitive elements CI and C2 is con- 

50 nected to the nigh impedance input terminal 
of a high gain amplifier. This latter arrange- 
ment is extremely susceptible to hum pickup 
and stray capacitance whereas by earthing one 
side of the capacitive elements CI and C2 

55 as in the practical realization of the circuit 
in Fig. 2, and bv inductively coupling the 
input circuit of the amplifier to the tuned 
circuit, many of these difficulties are over- 
come. 

60 Since two of the electrodes of the two 
capacitive elements CI and C2 are connected 
to a common electrical point— which in the 
case of the practical embodiment of Fig. 2 
is at earth potential, it is possible to pro- 

65 vide the two capacitive elements by the use 



of only three electrodes. Such an arrange- 
ment is shown in Figs, 3 to 5 inclusive where 
it will be seen that the two electrodes which 
would be connected together electrically are 
in fact formed as a single electrode 10 and 70 
the other two electrodes 12, 14 are mounted 
opposite the common electrode 10 and ver- 
tically displaced relative to one another. In 
the arrangement illustrated in Figs. 3 to 5 
the electrodes are shown in conjunction with 75 
a sight tube 16, only a portion of which 
is shown in the Figs, for the sake of con- 
venience. The vertical position of the elec- 
trodes is such as to straddle the height at 
which it is wished to monitor the fluid level 80 
or interface between the two dissimilar fluids. 
For example, in an automated cellar for a 
hotel the vertical position of the electrodes 
would correspond to the Tninimntp height 
to which the alcoholic beverage in the con- 85 
tainer (not shown) is to be allowed to fall. 
The level of the fluid in the container (not 
shown) is indicated by the corresponding level 
of fluid in the sight tube 16 and in Figs. 3 
and 4 of the drawing this level is indicated 90 
by the reference numeral 18. In Fig. 3 of the 
drawings the fluid level 18 is shown below 
the electrode assembly so that (apart from the 
wall of the sight tube which in practice is 
made from glass) the space between the elec- 95 
trodes is entirely filled by air. The electrode 
assembly is so constructed that the capacit- 
ance between the electrode 12 and the com- 
mon electrode 10 is identical to the capacit- 
ance between the electrode 14 and the com- 100 
mon electrode 10 when the various electrodes 
are separated by material having the same 
dielectric strength. 

Should the level 18 of the fluid in the sight 
tube 16 rise to the position shown in Fig. 4 105 
of the drawings, the capacitance between the 
electrode 14 and the common electrode 10 
differs from the capacitance between electrode 
12 and electrode 10. By arranging that this 
change in relative capacitance brings about H° 
positive feed back in the circuit of Fig. 2, this 
circuit will be set into oscillation which will 
only cease if the level 18 rises well above the 
electrode 12 or drops again well below the 
electrode 14. * 115 

It will be appreciated that the actual value 
of capacitance of the capacitive elements CI 
and C2 is immaterial if they are both equal. 
Furthermore the bridge circuit formed by the 
two capacitors and the inductor L will be 120 
balanced equally well if the sight tube is 
completely filled with fluid or is completely 
empty of fluid. The out of balance condition 
however will occur if the level of the fluid 
occupies a position substantially as indicated 125 
in Fig. 4. 

The device of Fig. 3 will also serve to 
indicate the vertical position of an interface 
20 between two dissimilar fluids 22, 24 if 
the dielectric* constant of the two fluids is 130 
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different Such an interface 20 is shown in 
Fig. 5 where the position shown will cause 
the capacitance of electrode 12 (with respect 
to electrode 10) to be different from the capa- 

5 chance of electrode 14 with respect to elec- 
trode 10). This causes unbalance of the bridge 
circuit and consequent oscillation. If however 
the interface 20 is well above or well below 
electrodes 12 and 14 respectively the capadt- 

10 ance of the two capadtive elements CI and 
C2 is identical and the bridge will once again 
be balanced. 

It will be apredated that the ability to be 
able to measure the vertical position of an 

15 interface between two dissimilar fluids is of 
great importance when dealing with large 
caparity petrol tanks as used by petrol stations 
and garages. For various reasons water enters 
these tanks and since oil is less dense than 

20 water, the water sinks to the bottom of the 
tank and the petrol or oil tends to float on 
the water layer. In order that the water is 
not sucked into the fuel pump when oil or 
petrol is being drawn from the tank, it is 

25 essential that the hdght of the water layer 
in the tank does not exceed a given point. 
By arranging an electrode assembly 10, 12, 
14 in the tank at this critical vertical height 
and connecting an alarm bell to the output 

30 from the device a warning can be given when 
the interface between the water and petrol 
reaches the critical height 

It will be appreciated that, whilst the fluid 
level and interface detector herein described 

35 is eminently suited for use with fluids of 
liquid form, it may nevertheless be used with 
fluids of dry powder form or slurries or 
suspensions. 

WHAT I CLAIM IS: — 

40 l. A level detector and indicator device for 
indicating when a fluid level or interface 
reaches a predetermined region in a container, 
comprising electric signal amplifying circuit 
Biffin* having an input and an output, a feed 

45 back loop between said output and input to 
enable oscillation to be maintained in the 
circuit, a bridge circuit in the feed back loop 
which prevents feedback when balanced, a 
capadtive element in each of two of the bridge 

50 arms, of which one capadtive element is 
formed by a first pair of dectrodes whose 
capadtance value varies as the fluid or inter- 
face level varies in the container, and the 
other capadtive element is formed by a second 

55 pair of dectrodes whose capadtance also 



varies as the fluid or interface level varies 
in the container, the two pairs of dectrodes 
being vertically separated and adjusted so 
that the bridge is balanced when the fluid or 
interface levd lies above the upper dectrode 60 
pair or below the lower dectrode pair but is 
unbalanced, thereby allowing oscillation when 
the levd registers with dther of the dectrode 
pair or therebetween, and further circuit 
means to produce an output signal indicative 65 
of oscillation of the circuit 

2. A device as claimed in claim 1 in which 
the pair of dectrodes are mounted on a 
sight tube carried by the container. 

3. A device as claimed in claim 1 in 70 
which the pairs of electrodes are mounted on 

the internal face of the container wall and 
at least one of the dectrodes of each pair 
is completdy coated by an impervious insu- 
lating material which has no chemical reac- 75 
tion with the fluid within the container. 

4. A device as claimed in claim 3 in which 
one dectrode of one pair is formed in common 
with one of the dectrodes of the other pair. 

5. A device as claimed in claim 4 in 80 
which the container is made of electrically 
conductive material and comprises the large 
common dectrode. 

6. A device as claimed in any of claims 3 

to 5 in which balandng capadtors of adjust- 85 
able capacitance value are connected in 
paralld with each of the two dectrode pairs 
to compensate for any difference in capadt- 
ance therebetween. 

7. A levd detector and indicator device 90 
constructed, arranged and adapted to operate 
substantially as herein described with refer- 
ence to and as illustrated in Fig. 1 of the 
drawings accompanying the Provisional Sped- 
fication. 95 

8. A levd detector and indicator device 
constructed, arranged and adapted to operate 
substantially as herein described with refer- 
ence to and as illustrated in Fig. 2 of the 
drawings accompanying the Provisional Sped- 100 
fi cation. 

9. An dectrode assembly in a device as 
claimed in any of claims 1 to 6 constructed 
substantially as herein described with refer- 
ence to and as illustrated in Figs. 3^ to 5 105 
of the drawing accompanying the Provisional 
Specification. 

W. P. THOMPSON & CO., 

Chartered Patent Agents, 
12 Church Street, Liverpool, L 
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